Abstract. The agricultural production based on machine vision has become more and more popular in researched scientific field. In order to achieve the goal of the automation work, it usually supplies accurate navigation information for the machine based on the center lines of the crop rows, for most crops are cultivated in parallel. So, it is important to develop a reliable and accurate crop rows detection method for the agricultural automation. In this research, a crop rows detection algorithm for wheat at the middle growth state was presented.
Introduction
The agricultural production based on machine vision has become more and more popular in researched scientific field, which is widely used in fertilization, weeding and planting etc [1] [2] , for it reduces operator fatigue and improves vehicle positioning accuracy, improves efficiency, and enhances operation safety [3] . In literatures, numerous researchers and international experts studied in this area [4] .
In order to achieve the goal of the automation work, it usually supplies accurate navigation information for the machine based on the center lines of the crop rows, for most crops are cultivated in parallel. Today, automation work based on computer vision is becoming the most studied approach. According to detecting the crop rows in images, the processes of vegetation protection and fertilization, etc, can easily be performed automatically by guiding an autonomous machine. So, it is important to develop a reliable and accurate crop row detection method for the agricultural automation.
In the existing researches, many methods have been presented for detection of crop rows with image processing techniques. For the various detection methods, the methods based on linear regression and methods based on Hough transform (HT) are most commonly used. The aim of our research is to develop a new method for accurate wheat rows detection at the middle growth stage.
Materials and Methods

Materials and System Platform
The images in this study were obtained from the National Agricultural Research and the Chinese Academy of Agricultural plots demonstration bases in Beijing. Fig. 1a displays a sample of the wheat images. Image processing was performed using a personal computer with an Intel Core 2 Duo CPU, 2.60 GHz, 1.88GB RAM, and the algorithm was performed using MATLAB R2009a (Math Works) under a Windows 7 operating system.
Vegetation Segmentation
This step, a color index
[5] was employed to transform a color image to a gray-scale image. Then Otsu's method [6] , as one of the best global thresholding techniques which was used in many studies was applied to achieve the binarization and the binarization image is shown is Fig.1 (b) . 
Initial Center Points Extraction
Before detecting the positions of wheat rows, a number of center points indicating the centers of the wheat rows were extracted from a binary image. To get such center points, a sliding window, i. e., a rectangle region H W  (W is width of the window, H is height of the window) was constructed.
Based on the fact that wheat is growth in rows, it is not difficult to conclude that the corresponding center points on two adjacent horizontal scanning lines cannot have a large deviation. In view of this, we adopt two steps to extract the center points. Firstly, the initial center points were extracted based on a sliding window on the first horizontal scanning line. Then a small shift was given based on the positions of initial center points and the remaining center points were detected by a similar way.
When a window is sliding on a binary image, the number of white pixels in the window region is various. It is easy to get that the number of target pixels (white pixels) in the window will reach a maximum as long as the sliding window covers a Fig.5a ) was defined as starting position. Scanned the image by column from left to right, and calculated each sum of target pixels in the window region according to Eq. (1).
Step 2: Got the maximum value max S of S , and then used a ratio value k multiply by the max S ,the product was recorded as:
The region was regarded as a wheat region where the sum of the target pixels in the window was larger than T .
Step 3: Calculated the start and end points of each wheat region, and then got the midpoints of the start points and end points. The midpoints were regarded as the center points of wheat rows. Fig. 1(c) shows the result of the initial center points.
The Remaining Center Points Extraction
After we got the initial center points of wheat rows, the remaining center points were extracted as: (1) move the window down five pixels, and then set a shift of 21 pixels based on the column of the previous center point to the left and right directions, respectively. (2) scan the image by column with the new left and right borders as the starting and ending positions for each wheat row to obtain the center points of the current scanning. (3) Return to step (1) until the window reached the image bottom. As can be seen from Fig. 1(d) , all the center points of wheat image were extracted.
Wheat Rows Detection
After the center points are extracted, the next step is to give corresponding straight line equation to each crop row. Here, we used the RHT method to get the crop rows. As can be seen from Fig.1(e) , all of the crop rows were detected. the first step, the famous gray-level transformation method
was used. The gray-level image was segmented with the automatic threshold method (Otsu) , and a binary image (Fig. 1b) was obtained. The green vegetations were segmented entirely from background. Fig. 1(c) displays the initial center points obtained on the first scan line from image. As can be seen from the figure, the center points can be extracted accurately based on the sliding window. The result of all center points is presented in Fig.1 (d) . Test results have shown that the scanning strategy which based on the previous scanning line each time is feasible; dimension of sliding window is 17 17  is applicable; a shift of 21 pixels on left and right directions in the process of center points extraction is effectively. Fig. 1(e) shows the final result of wheat rows detection based on RHT.
Conclusion
In this paper, an approach of crop rows detection at the middle growth stage is present. Considering the fact that the corresponding center points on two adjacent horizontal scanning lines can't have a large deviation, we proposed a novel extracting method to obtain the center points of crop, which not only reduces the computation time but also enhance the robustness compared with existing methods. Simultaneously, the wheat rows were detected effectively by RHT which using the previous information of centers points.
In conclusion, compared with the existed methods, our method is not only fast but also with the strong robustness.
